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DISK DRIVE PRINTED CIRCUIT BOARD WITH COMPONENT- 
DEDICATED ALIGNMENT LINE INDICATORS INCLUDING INNER AND 
OUTER LINE SEGMENTS AND METHOD OF PRODUCING A PRINTED 

CIRCUIT BOARD ASSEMBLY 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[001] The present invention relates generally to disk drives, and in particular to a disk drive 
printed circuit board with component-dedicated alignment line indicators including inner and 
outer line segments and method of producing a printed circuit board assembly. 

2. Description of the Prior Art 

[002] The typical hard disk drive includes a head disk assembly (HDA) and a printed circuit 
board assembly (PCBA) attached to a disk drive base of the HDA. The head disk assembly 
includes at least one magnetic disk, a spindle motor for rotating the disk, and a head stack 
assembly (HSA). The spindle motor includes a spindle motor hub that is rotatably attached to the 
disk drive base. The hub has an outer hub flange that supports a lowermost one of the disks. 
Additional disks may be stacked and separated with annular disk spacers that are disposed about 
the hub. The head stack assembly has an actuator assembly having at least one transducer head, 
typically several, for reading and writing data from and to the disk. The printed circuit board 
assembly includes a servo control system in the form of a disk controller for generating servo 
control signals mounted to a printed circuit board. The head stack assembly is controllably 
positioned in response to the generated servo control signals from the disk controller. In so 
doing, the attached heads are moved relative to tracks disposed upon the disk. 
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[003] The head stack assembly includes an actuator assembly, at least one head gimbal 
assembly, and a flex circuit cable assembly. A conventional "rotary" or "swing-type" actuator 
assembly typically includes an actuator having an actuator body. The actuator body is configured 
to rotate on a pivot assembly between limited positions about an axis of rotation. A coil support 
extends from one side of the actuator body. A coil is supported by the coil support and is 
configured to interact with one or more permanent magnets to form a voice coil motor. One or 
more actuator arms extend from an opposite side of the actuator body. 
[004] A head gimbal assembly includes a transducer head, typically a magneto-resistive 
("MR") head, which is distally attached to each of the actuator arms. To facilitate rotational 
movement of the actuator, the actuator assembly further includes the actuator body that has a 
bore and a pivot bearing cartridge engaged within the bore. Each magnetic disk includes 
opposing disk surfaces. Data may be recorded on a single surface or both along data annular 
regions. As such, the head stack assembly may be pivoted such that each transducer head is 
disposed adjacent the various data annular regions from adjacent the outer diameter to the inner 
diameter of each disk. 

[005] As can be appreciated, the reading and writing of data as facilitated by the controlled 
movement and positioning of the transducer heads is of critical importance. Various vibrations 
and forces, such as physical shock events, are of high interest. It may be desirable to precisely 
place some electrical components, such as sensors, on a printed circuit board. In this regard, the 
orientation accuracy of such components may be critical to their performance. Accelerometers 
mounted upon a printed circuit board may be used to determine rotational acceleration by 
computations involving differences between outputs of such accelerometers. Accordingly, there 
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is a need in the art for a printed circuit board design and methodology for the alignment of 
components upon a printed circuit board in comparison to the prior art. 
SUMMARY OF THE INVENTION 

[006] According to an aspect of the present invention, there is provided a disk drive printed 
circuit board for use with a disk drive electrical component. The disk drive electrical component 
defines a rectangular perimeter. The perimeter includes opposing first and second edges defining 
a first lateral distance. The perimeter further includes opposing third and fourth edges extending 
between the first and second edges and defining a second lateral distance. The perimeter further 
including opposing corners defining a diagonal distance. The printed circuit board includes a 
board body. The printed circuit board further includes a mounting surface disposed upon the 
board body. The printed circuit board further includes component-dedicated alignment line 
indicators visibly disposed at the mounting surface for aligning the disk drive electrical component 
at the mounting surface. The component-dedicated alignment line indicators include first and 
second inner line segments spaced apart a first inner spacing at least the first lateral distance and 
less than the diagonal distance. The component-dedicated alignment line indicators further include 
third and fourth inner line segments extending between and perpendicular to the first and second 
inner line segments. The third and fourth inner line segments are spaced apart a second inner 
spacing at least the second lateral distance and less than the diagonal distance. The component- 
dedicated alignment line indicators further include first and second outer line segments disposed 
parallel to the first and second inner line segments with the first and second inner line segments 
between the first and second outer line segments. The first and second outer line segments are 
spaced apart a first outer spacing more than the first inner spacing and less than the diagonal 
distance. 
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[007] According to various embodiments, the third and fourth inner line segments may 
intersect the first and second inner line segments. The printed circuit board may further include a 
third outer line segment extending between and perpendicular to the first and second outer line 
segments. The third outer line segment is disposed with the third inner line segment between the 
third edge of the disk drive component and the third outer line segment. The third outer line 
segment may intersect the first and second outer line segments. The printed circuit board may 
further include the third outer line segment and a fourth outer line segment extending between 
and perpendicular to the first and second outer line segments. The third and fourth inner line 
segments spaced apart a second outer spacing at least the second lateral distance and less than the 
diagonal distance. The fourth outer line segment may also intersect the first and second outer 
line segments. 

[008] According to another aspect of the present invention, there is provided a method of 
producing printed circuit board assemblies. The method includes providing electrical 
components. Each of the electrical components defines a rectangular perimeter. The perimeter 
includes opposing first and second edges defining a first lateral distance. The perimeter further 
includes opposing third and fourth edges extending between the first and second edges and 
defining a second lateral distance. The perimeter further including opposing corners defining a 
diagonal distance. The method further includes providing printed circuit boards each including a 
board body, a mounting surface disposed upon the board body, and component-dedicated alignment 
line indicators visibly disposed at the mounting surface for aligning the disk drive electrical 
component at the mounting surface. The component-dedicated alignment line indicators include 
first and second inner line segments spaced apart a first inner spacing at least the first lateral 
distance and less than the diagonal distance. The component-dedicated alignment line indicators 
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further include third and fourth inner line segments extending between and perpendicular to the first 
and second inner line segments, the third and fourth inner line segments spaced apart a second inner 
spacing at least the second lateral distance and less than the diagonal distance. The component- 
dedicated alignment line indicators further include first and second outer line segments disposed 
parallel to the first and second inner line segments with the first and second inner line segments 
between the first and second outer line segments. The first and second outer line segments spaced 
apart a first outer spacing more than the first inner spacing and less than the diagonal distance. The 
method further includes mounting the electrical components at the mounting surface of respective 
ones of the printed circuit boards adjacent the component-dedicated alignment line indicators to 
form candidate printed circuit board assemblies. The method further includes segregating the 
candidate printed circuit board assemblies based upon the position of the perimeters of the electrical 
components in relation to the component-dedicated alignment line indicators. 
[009] According to various embodiments, the method may include segregating given ones 
of the candidate printed circuit board assemblies based upon the perimeter of a respective one of 
the electrical components being disposed between the first and second inner lines segments and 
the third and fourth inner line segments. The method may include segregating given ones of the 
candidate printed circuit board assemblies based upon a respective one of the corners of the 
perimeter of a respective one of the electrical components being disposed beyond a respective 
one of the first and second inner line segments with respect to the first, second, third and fourth 
inner lines segments. The method may include segregating given ones of the candidate printed 
circuit board assemblies based upon a respective one of the corners of the perimeter of a respective 
one of the electrical components being disposed beyond a respective one of the third and fourth 
inner line segments with respect to the first, second, third and fourth inner lines segments. 
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[0010] Each of the perimeters of the electrical components may include a pair intermediate 
corners disposed between the opposing corners, and the method may further include segregating 
given ones of the candidate printed circuit board assemblies based upon a respective one of the 
opposing corners and a respective one of the intermediate corners both being disposed beyond a 
respective one of the first and second inner line segments with respect to the first, second, third 
and fourth inner lines segments. The method may further include segregating given ones of the 
candidate printed circuit board assemblies based upon a respective one of the opposing corners 
and a respective one of the intermediate corners both being disposed beyond a respective one of 
the third and fourth inner line segments with respect to the first, second, third and fourth inner 
lines segments. 

[0011] The method may further include segregating given ones of the candidate printed 
circuit board assemblies based upon a respective one of the corners of the perimeter of a 
respective one of the electrical components being disposed beyond a respective one of the first 
and second outer line segments with respect to the first, second, third and fourth inner lines 
segments. The method may further includes segregating given ones of the candidate printed 
circuit board assemblies based upon a respective one of the opposing corners and a respective 
one of the intermediate corners both being disposed beyond a respective one of the first and 
second outer line segments with respect to the first, second, third and fourth inner lines segments. 
The printed circuit board assemblies may be for a disk drive and the electrical components may 
be accelerometers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] Figure 1 is an exploded perspective view of a disk drive including a printed circuit 
board assembly in accordance with an aspect of the present invention; 
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[0013] Figure 2 is an enlarged perspective view of the printed circuit board assembly of Figure 
1 including an electrical component and a printed circuit board with component-dedicated 
alignment line indicators; 

[0014] Figure 3 is a enlarged plan view of the electrical component of Figure 2; 

[0015] Figure 4 is a enlarged plan view of a portion of the printed circuit board of Figure 2 that 

contain the component-dedicated alignment line indicators; 

[0016] Figure 5 is the enlarged plan view of a portion of the printed circuit board as shown in 
Figure 4 with the electrical component; 

[0017] Figure 6 is the enlarged plan view of a portion of the printed circuit board as shown in 
Figure 4 with the electrical component being misaligned; 

[0018] Figure 7 is the enlarged plan view of a portion of the printed circuit board as shown in 
Figure 4 with the electrical component being misaligned; 

[0019] Figure 8 is the enlarged plan view of a portion of the printed circuit board as shown in 
Figure 4 with the electrical component being misaligned; 

[0020] Figure 9 is the enlarged plan view of a portion of the printed circuit board as shown in 
Figure 4 with the electrical component being misaligned; 

[0021] Figure 1 0 is the enlarged plan view of a portion of the printed circuit board as shown in 
Figure 4 with the electrical component being misaligned; 

[0022] Figure 1 1 is the enlarged plan view of a portion of the printed circuit board as shown in 
Figure 4 with the electrical component being misaligned; 

[0023] Figure 12 is the enlarged plan view of a portion of the printed circuit board similar to 
that of Figure 4 5 however, with an alignment line configuration according to another embodiment; 
and 
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[0024] Figure 1 3 is the enlarged plan view of a portion of the printed circuit board similar to 
that of Figure 4, however, with an alignment line configuration according to another embodiment. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0025] Referring now to the drawings wherein the showings are for purposes of illustrating 
preferred embodiments of the present invention only, and not for purposes of limiting the same, 
Figures 1-13 illustrate a printed circuit board with component-dedicated alignment line indicators 
and a method of producing printed circuit board assemblies in accordance with aspects of the 
present invention. 

[0026] Referring now to Figure 1 , there is depicted an exploded perspective view of a disk 
drive 10 as constructed in accordance with an aspect of the present invention. The disk drive 10 
includes a head disk assembly (HDA) 12 and a printed circuit board assembly (PCBA) 14. The 
head disk assembly 12 includes a disk drive housing having disk drive housing members, such as a 
disk drive base 16 and a cover 1 8. The disk drive base 16 and the cover 1 8 collectively house at 
least one magnetic disk 20. Each disk 20 contains a plurality of tracks for storing data. The head 
disk assembly 12 further includes a spindle motor for rotating the disks 20. The head disk assembly 
12 further includes a head stack assembly 22 rotatably attached to the disk drive base 16 in operable 
communication with the disk 20. 

[0027] The head stack assembly 22 includes a rotary actuator with transducer heads. The 
head stack assembly 22 is configured to rotate between limited positions about an axis of rotation 
24. Such movement allows the transducer head to read and write data from and to the disks 20. 
The head stack assembly 22 further includes a flex circuit assembly that carries signals between 
the transducer heads and the printed circuit board assembly 14. 
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[0028] Referring additionally to Figures 2 and 3, according to an aspect of the present 
invention, there is provided a disk drive printed circuit board 26 for use with a disk drive 
electrical component 32. The disk drive electrical component 32 defines a rectangular perimeter 
34. As used herein a rectangular perimeter would include a square shape. The perimeter 34 
includes opposing first and second edges 36, 38 defining a first lateral distance (1). The 
perimeter 34 further includes opposing third and fourth edges 40, 42 extending between the first 
and second 36, 38 edges and defining a second lateral distance (L). The perimeter 34 further 
includes opposing corners 46, 50 defining a diagonal distance (D). The perimeter 34 further 
includes opposing corners 44, 48 which are disposed between the opposing corners 46, 50. 
[0029] The printed circuit board 26 includes a board body 28. The printed circuit board 26 
further includes a mounting surface 30 disposed upon the board body 28. The printed circuit board 
26 further includes component-dedicated alignment line indicators 52 visibly disposed at the 
mounting surface 30 for aligning the disk drive electrical component 32 at the mounting surface 32. 
The component-dedicated alignment line indicators 52 include first and second inner line segments 
54, 56 spaced apart a first inner spacing at least the first lateral distance (1) and less than the 
diagonal distance (D). The component-dedicated alignment line indicators 52 further include third 
and fourth inner line segments 58, 60 extending between and perpendicular to the first and second 
inner line segments 54, 56. The third and fourth inner line segments 58, 60 are spaced apart a 
second inner spacing at least the second lateral distance (L) and less than the diagonal distance (D). 
The component-dedicated alignment line indicators 52 further include first and second outer line 
segments 62, 64 disposed parallel to the first and second inner line segments 54, 56 with the first 
and second inner line segments 54, 56 between the first and second outer line segments 62, 64. The 
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first and second outer line segments 62, 64 are spaced apart a first outer spacing more than the first 
inner spacing and less than the diagonal distance (D). 

[0030] As used herein, the term component-dedicated referred to a one to one correspondence 
of the alignment line indicators 52 as a group as designed to have a given electrical component 32 
disposed adjacent thereto. Thus for example, merely having a uniformly meshed grid imprinted 
about the mounting surface 30 would not be considered to be "component-dedicated". 
[0031] According to various embodiments, the component-dedicated alignment line indicators 
52 may be silk screened upon the mounting surface 30 of the printed circuit board 26. The first and 
second inner line segments 54, 56 may be formed to interest the first and fourth inner line segments 
58, 60. As shown Figure 5 for example, the first, second, third and fourth inner line segments 54, 
56, 58, 60 may be formed into a rectangle of a size so as to circumscribe the electrical component 
32 when centered adjacent the component-dedicated alignment line indicators 52. 
[0032] Referring to Figure 12, there is depicted another embodiment. In this embodiment, 
the alignment line indicators 52 further include a third outer line segment 66 extending between 
and perpendicular to the first and second outer line segments 62, 64. The third outer line 
segment 66 is disposed with the third inner line segment 58 between the third edge 40 of the disk 
drive component and the third outer line segment 66. The third outer line segment 66 may 
intersect the first and second outer line segments 62, 64. 

[0033] Referring to Figure 13, there is depicted another embodiment. In this embodiment, 
the alignment line indicators 52 further include a fourth outer line segment 68 between and 
perpendicular to the first and second outer line segments 62, 64. The third and fourth outer line 
segments 66, 68 are spaced apart a second outer spacing at least the second lateral distance (L) 
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and less than the diagonal distance (D). The fourth outer line segment 68 intersects the first and 
second outer line segments 62, 64. 

[0034] Having thus described various configurations and requirements of the component- 
dedicated alignment line indicators 52, the significance of such requirements will be appreciated in 
the context of the methodology of producing printed circuit board assemblies 14 as further 
discussed below. 

[0035] According to another aspect of the present invention, there is provided a method of 
producing printed circuit board assemblies 14. The method includes providing electrical 
components similar to the electrical component 34 described above. The method further includes 
providing printed circuit boards 26. Each of the printed circuit boards 26 are as described above 
and include the component-dedicated alignment line indicators 52. The method further includes 
mounting the electrical components 32 at the mounting surface 30 of respective ones of the printed 
circuit boards 26 adjacent the component-dedicated alignment line indicators 52 to form candidate 
printed circuit board assemblies 14. The method further includes segregating the candidate printed 
circuit board assemblies 14 based upon the position of the perimeters 34 of the electrical 
components 32 in relation to the component-dedicated alignment line indicators 52. 
[0036] According to various embodiments, referring to Figure 5, the method may include 
segregating given ones of the candidate printed circuit board assemblies 14 based upon the 
perimeter 34 of a respective one of the electrical components being disposed between the first 
and second inner lines segments 54, 56 and the third and fourth inner line segments 58, 60. Such 
an alignment of the electrical components 32 could signify proper installation of the electrical 
components 32 both in terms of translational positioning and rotational positioning upon the 
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printed circuit board 26. The particular spacing of the various component-dedicated alignment 
line indicators 52 may correspond to translational and rotational positioning error specifications. 
[0037] The method may include segregating given ones of the candidate printed circuit board 
assemblies 14 based upon a respective one of the corners 44, 46, 48, 50 of the perimeter 34 of a 
respective one of the electrical components 32 being disposed beyond a respective one of the 
first, second, third and fourth inner line segments 54, 56, 58, 60 with respect to the first, second, 
third and fourth inner lines segments 54, 56, 58, 60, examples of which are shown in Figures 6-9 
and discussed below. 

[0038] Referring to Figure 6, the corner 46 is shown as being disposed beyond the first inner 
line segment 54 with respect to the first, second, third and fourth inner line segments 54, 56, 58, 
60. The other corners 44, 48, 50 are not extended beyond any of the first, second, third or fourth 
inner line segments 54, 56, 58, 60. In addition, the corner 46 is not contacting or touching the 
first outer line segment 62. Such a configuration may be indicative of the candidate printed 
circuit board assembly 14 having failing rotational positioning while nonetheless having an 
acceptable translational positioning in terms of the applicable error specification for the electrical 
component 32. The may be the case where rotational positioning is critical, such as where the 
printed circuit board assemblies 14 are for a disk drive 10 and the electrical components 32 are 
accelerometers. 

[0039] Referring to Figure 7, the corner 44 is shown as being disposed beyond the third inner 
line segment 58 with respect to the first, second, third and fourth inner line segments 54, 56, 58, 
60. The corners 46, 48, 50 are not extended beyond any of the first, second, third or fourth inner 
line segments 54, 56, 58, 60. Such a configuration may be indicative of the candidate printed 
circuit board assembly 14 having failing rotational positioning while nonetheless having an 
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acceptable translational positioning in terms of the applicable error specification for the electrical 
component 32. 

[0040] Referring to Figure 8, the corners 44, 46 are shown as being disposed beyond the first 
inner line segment 54 with respect to the first, second, third and fourth inner line segments 54, 
56, 58, 60. The corners 48, 50 are not extended beyond any of the first, second, third or fourth 
inner line segments 54, 56, 58, 60. In addition the corners 44, 46 are not extended beyond the 
first outer line segment 62. In this regard, the first edge 36 is between the first inner line 
segments 54 and the first outer line segment 62. Such a configuration may be indicative of the 
candidate printed circuit board assembly 14 having an acceptable rotational positioning (i.e., 
within the angle formed between the location on first outer line segment adjacent the fourth inner 
line segment 60 and the location on the first inner line segment 54 at the third inner line segment 
58) and an acceptable translational positioning (i.e., within the distance of the first inner line 
segment 54 and the first outer line segment 62) in terms of the applicable error specification for 
the electrical component 32. This is advantageous in comparison to a prior art configuration 
consisting of only lines similar to the first, second, third and fourth inner line segments 54, 56, 
58, 60. This is because such a prior art configuration would only allow for an unacceptable 
outcome for the positioning of the electrical component 32 when the component 32 is placed 
outside of the first, second, third, and fourth inner line segments 54, 56, 58, 60. Whereas the 
utilization of the first and second outer line segments 62, 68 allow for a higher degree of 
differentiation between translational and rotational positioning errors. Stated otherwise, the 
utilization of the first and second outer line segments 62, 68 for a bounded determination of how 
far translated outside of the rectangle formed by the first, second, third and fourth inner line 
segments 54, 56, 58, 60 and how much rotated) 
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[0041] Referring to Figure 9, the corners 44, 50 are shown as being disposed beyond the third 
inner line segment 58 with respect to the first, second, third and fourth inner line segments 54, 
56, 58, 60. The corners 46, 48 are not extended beyond any of the first, second, third or fourth 
inner line segments 54, 56, 58, 60. Such a configuration may be indicative of the candidate 
printed circuit board assembly 14 having an acceptable rotational positioning and may be or may 
be not having an acceptable translational positioning in terms of the applicable error specification 
for the electrical component 32. 

[0042] In addition, the method may include segregating given ones of the candidate printed 
circuit board assemblies 14 based upon a respective one of the corners 44, 46, 48, 50 of the 
perimeter 34 of a respective one of the electrical components 32 being disposed beyond a 
respective one of the first and second outer line segments 62, 64 with respect to the first, second, 
third, and fourth inner line segments 54, 56, 58, 60. 

[0043] Referring now to Figure 10, the corner 46 may be disposed beyond the first outer line 
segment 62 with respect to the first, second, third, and fourth inner line segments 54, 56, 58, 60. 
The remaining corners 44, 48, 50 do not extend beyond the first, second, third, and fourth inner 
line segments 54, 56, 58, 60. Such a configuration may be indicative of the candidate printed 
circuit board assembly 14 having an unacceptable rotational positioning in terms of the 
applicable error specification for the electrical component 32. 

[0044] Referring now to Figure 1 1 , the corner 46 may be disposed beyond the first outer line 
segment 62 with respect to the first, second, third, and fourth inner line segments 54, 56, 58, 60. 
The corner 44 may be disposed beyond the first inner line segment 54 with respect to the first, 
second, third, and fourth inner line segments 54, 56, 58, 60. The remaining corners 48, 50 do not 
extend beyond the first, second, third, and fourth inner line segments 54, 56, 58, 60. Such a 



Y:\K35AUl300-A1399\A1398\DOC\K35AI398.paf.doc 1 1/25/03 



14 



PATENT 

ATTY DOCKET K35A1398 

configuration may or may not be indicative of the candidate printed circuit board assembly 14 
having an acceptable rotational and transitional positioning in terms of the applicable error 
specification for the electrical component 32. 

[0045] Similar segregation criteria of the candidate printed circuit board assemblies 14 may 
be utilized in relation to the third and fourth outer line segments 66, 68 shown in Figures 12 and 
13. 
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